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ABSTRACT

Objectives: To systematically review the evidence regarding long-term prophylaxis in the

prevention or reduction of attacks in hereditary angioedema (HAE)

Design: Systematic review and meta-analysis

Data Sources: Electronic databases were searched up to April, 2011. Two reviewers selected the

studies and extracted the study data, patient characteristics and outcomes of interest.

Eligibility criteria for selected studies: Controlled trials for HAE prophylaxis

Results: Seven studies were included, for a total of 73 patients and 587 HAE attacks. Due to the
paucity of studies, a meta-analysis was not possible. Since two studies did not report the number of
HAE attacks, five studies (52 patients) were finally included in the summary analysis. Four classes
of drugs with at least one controlled trial have been proposed for HAE prophylaxis. All of those
drugs, except heparin, were found to be more effective than placebo. In the absence of direct
comparisons, the relative efficacies of these drugs were determined by calculating a relative risk of
attacks (drug vs. placebo). The results were as follows: danazol (RR=0.023, 95% CI 0.003-0.162),
methyltestosterone (RR=0.054, 95% CI 0.013—-0.163), e-aminocaproic acid (RR=0.095, 95% CI
0.025-0.356), tranexamic acid (RR=0.308, 95% CI 0.195-0.479), C1-INH 0.491 (95% CI: 0.395—

0.607).

Conclusions: Few trials have evaluated the benefits of HAE prophylaxis, and all drugs but heparin
seem to be effective in this setting. Since there are no direct comparisons of HAE drugs, it was not
possible to draw definitive conclusions on the most effective one. Thus, to accumulate evidence for
HAE prophylaxis, further studies are needed that consider the dose/efficacy relationship and include

a head to head comparison between drugs, with the active group, rather than placebo, as the control.



ARTICLE SUMMARY

Article focus:

e To find evidence regarding long-term prophylaxis in the prevention or reduction of attacks

in hereditary angioedema (HAE).

Key messages:

e Four classes of drugs have been proposed for HAE prophylaxis: androgen derivatives,

antifibrinolytics, C1-inhibitor, and heparin.

e All, except heparin, have been shown to be more effective than placebo.

e To accumulate evidence supporting HAE prophylaxis, further studies, including head to
head comparisons between drugs, are needed, with the active group rather than placebo as

the control.

Strengths and limitations of the study:

e This is the first systematic review on this topic.

e Only seven studies were retrieved, for a total of 73 patients and 587 HAE attacks; there were

no direct comparisons between drugs.

e It was not possible to draw definitive conclusions on the most effective drug.



INTRODUCTION

Hereditary angioedema (HAE) is a rare genetic disorder resulting from an inherited deficiency or
dysfunction of C1 inhibitor (C1-INH). It is characterized by recurrent episodes of angioedema,
without urticaria or pruritus, and primarily affects the skin or the mucosal tissues of the upper
respiratory and gastrointestinal tracts. The inheritance of HAE is autosomal dominant, but only a
few affected individuals are homozygous for the defect (1). The prevalence of the disease in the
general population is estimated at one individual per 50,000, with reported ranges from 1:10,000 to
1:150,000 and no racial differences (3-5). The two most common forms of HAE (types I and II)
result from either a deficiency or a dysfunction of C1-INH. In the former, antigenic and functional
levels of C1-INH are below 50% of normal, while in the latter (i.e., in type I), antigenic levels are
normal to elevated but function is low (6,7). Nearly 90% of patients suffer from both cutaneous and
abdominal attacks while 50% also experience laryngeal/pharyngeal edema (8-10). Attacks typically
involve one site at a time, but the simultaneous involvement of multiple sites is not uncommon (10).
Symptoms usually increase in severity over a period of 24 hours and then subside over the next 24—
72 hours. The frequency of recurrences has an extremely high intra- and inter-subject variability,
ranging from less than once a year up to every 3—4 days (11). Laryngeal recurrences are less
common, accounting for 6% of all angioedema episodes (12). The socio-economic consequences of
HAE are significant, as patients with frequent attacks may miss up to 100—150 days of work each

year (10).

Although HAE-induced swelling is self-limited, laryngeal involvement may cause asphyxiation. In
fact, the mortality rate of patients not properly diagnosed or treated is reportedly as high as 30%. In
addition to the risk of death, the burden of the disease is related to the symptom-derived disability

which, in turn, is a function of the frequency and severity of the attacks.

Two therapeutic strategies can ameliorate this burden: (1) prophylactic therapy, aimed at reducing

the number of attacks, and (2) treatment of the attacks to reduce their severity and duration. Their



common endpoint is a reduction of the duration of angioedema-related disability and the risk of

asphyxiation induced by laryngeal edema.

The controlled studies of HAE carried out thus far were designed to evaluate the efficacy and safety
of single drugs; none compared either the different drugs or the different therapeutic approaches
(e.g., prophylaxis vs. treatment of attacks). To the best of our knowledge, there are no meta-
analyses of these studies. Hence, existing consensus documents support treatment recommendations
primarily based on expert opinion rather than on a systematic review of the evidence (4). Therefore,
the aim of this study was to systematically review the evidence regarding the efficacy of HAE long-

term prophylaxis.



METHODS

Data sources

Relevant primary studies were identified by searching the MEDLINE and EMBASE databases, the
Cochrane Library and the Clinicaltrials.gov database (to identify ongoing trials yet to be reported in
the literature) until April, 2011. Both the reference lists included in the clinical guidelines and the
proceedings of relevant meetings were also considered. The search strategy was based on the target
disease (hereditary angioedema, C1 inhibitor and synonyms), and the type of study (controlled trial
and synonyms according to the Cochrane collaboration guidelines). No language restrictions were

applied.

Eligible studies were controlled trials evaluating long-term prophylactic therapies for HAE.

All of the evaluated studies were included if they had a placebo or comparison group. Cross-over

and parallel group designs were also included.

Observational studies, single-arm studies and studies with historical controls were excluded.

Two reviewers (GCo and IB) independently screened titles and abstracts to identify relevant
publications. Full texts were retrieved and evaluated by the same two reviewers (GCo and IB) and a
final decision regarding the inclusion or exclusion of the paper was made. Discrepancies were
resolved by discussion; in case of disagreement, the final decision was made by a clinical expert

(MO).

Data extraction

Two reviewers (IB and GCo) extracted the data, which were recorded in an electronic spreadsheet.
Extracted data consisted of the study characteristics (first author, journal and year of publication,

drug name, number of patients enrolled/included, primary endpoint with its statistical significance,



study duration), some of the patient characteristics (mean age, proportion of males) and the outcome

of interest.

Quality assessment of primary studies

The quality of the included studies was assessed based on the five-item Jadad score, which takes
into account several of the methodological characteristics of clinical studies, such as blinding,

randomisation and dropouts (13). Studies with a score < 3 were considered of low quality.

Outcome of interest

The outcome of interest was the number of HAE attacks during prophylaxis treatment. In this study,
two different endpoints were considered: the number of attacks per course of therapy and the
number of attacks per month. Studies without at least one of these endpoints were not considered in

the analysis.

Data analysis

For each included study in which the data were reported as number of courses with and without
attacks, the attack rate was calculated by dividing the number of HAE attacks by the total number of
courses of treatment. For studies in which the data were reported as the number of attacks and the
number of months of treatment, the attack rate was defined as the ratio between the number of HAE
attacks and the total number of months of treatment. The attack rate was calculated separately for
the drug and the control groups. To obtain a summary measure of efficacy for use in the analysis, a
relative risk (RR) with 95% confidence interval (CI) was calculated as the ratio of the attack rates in

the drug and control groups (14).

Pooled RRs with their 95% CIs for the same type of drug were calculated, when appropriate, using

a random effects model (DerSimonian and Laird method) for relative risks (14). Graphical



representation of the study results was obtained by plotting RR estimates with their 95% Cls in a

Forest plot.

In the absence of a direct comparison, an indirect comparison (for descriptive purposes) between
drugs was done simply by comparing the estimates (95% Cls) of those drugs (16). All of the

analyses were performed with STATA software, release 11.0 (College Station, Texas,USA).



RESULTS

Descriptive analysis

From the 11,412 references identified by the search strategy, 11,344 were excluded after
title/abstract review. Of the remaining 68 references, 61 were excluded after a full text evaluation:
43 articles reported studies that were not trials; four studies were duplicate publications; three
studies had no endpoint; one article was a trial with retrospective controls, and the focus of ten
studies was on therapy only, not on prophylaxis. Thus, seven studies were eligible for descriptive
analysis (Fig. 1). The total number of patients enrolled in the seven studies was 73 (range 4-22).
The efficacy evaluation was based on HAE attack recurrences, with 587 recurrences registered by
the studies. Two of the seven studies (17, 18) did not report the number of attacks; thus five studies

(52 patients) were considered for the analysis (19-23).

All of the studies were designed to evaluate the efficacy of a single dose of a specific drug. The
main characteristics of the included studies are summarised in Table 1. The first study was
published in 1972 and the last one in 2010. All were cross-over designed and the control group was
placebo. In all but one study (17), a statistically significant result was achieved for the primary
endpoint. Three different classes of drugs were evaluated: antifibrinolytics (one study with &-
aminocaproic acid and one with tranexamic acid), androgen derivatives (one study with danazol and
one with methyltestosterone), plasma-derived C1-INH (one study with a vapour-heated preparation
and one with a pasteurised, nanofiltered preparation) and heparin (one study). The duration of
treatment ranged from a minimum of 1 month to a maximum of 16 months. No major side effects

were reported in any of the studies.

Primary efficacy endpoints, against placebo, were the number of courses (a course terminated

whenever an attack occurred or after one month) with and without attacks (two studies), the number
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of attacks per month (two studies), the average flare intensity (one study), the daily score of disease

activity (one study) and the number of attacks normalised for the number of days (one study).

According to the Jadad score, six out of the seven trials were high-quality studies (Jadad score

range: 1-5).

Summary of the results

Due to the paucity of studies retrieved and to the substantial heterogeneity between them (study

design, definition of endpoints), it was not appropriate to perform any meta-analyses.

For the studies considered in the analysis, the number of enrolled patients, the endpoints and the

frequency of attacks in the treatment and control groups are summarised in Table 2 and Fig. 2.

Antifibrinolytics. Two antifibrinolytics were analysed in two separate studies (17 patients, 121
HAE attacks), with both drugs shown to be better than placebo. The estimates of RR differed

greatly between studies (Fig. 2).

Androgens. Two studies compared androgen derivatives with placebo in 13 patients who registered
five and 63 attacks, respectively. In both studies, the drugs were more effective than placebo and
the RR values of the two studies were similar (Fig. 2). C1-inhibitor. Data were available for only
one study, which reported that in 22 patients C1-INH and placebo had an average period-specific
normalised attack rate of 6.26 and 12.73, respectively. The estimated RR was 0.491 (95% CI:

0.395-0.607).

Heparin. The only data provided by the one study were those for flare intensity, which did not
significantly differ between active and control groups. While no data were published on the number
of attacks, the authors did state that these numbers were not significantly different between the drug

and the placebo groups.

11



Indirect comparisonIn the absence of head to head comparisons and due to the very limited
number of studies, the differences between the drugs were estimated in informal descriptive

comparisons.

Based on the studies in which the number of attacks and the number of courses of treatment with
drug or placebo were the primary endpoints, danazol (RR=0.023, 95% CI 0.003-0.162) seemed to
be comparable to e-aminocaproic acid (RR=0.095, 95% CI 0.025-0.356). In the studies that
reported the number of attacks per month, methyltestosterone (RR=0.054, 95% CI 0.013-0.163)
seemed to be better than tranexamic acid (RR=0.308, 95% CI 0.195-0.479). Finally, an indirect
comparison between all treatments involving drugs of the same pharmacological class and not
separated for endpoint suggested that androgen derivatives are more effective than C1-INH while

the efficacy of antifibrinolytics is midway between that of androgens and C1-INH.

Heterogeneity. As clearly seen in the Forest plot (Fig. 2), the point estimates of each study were

very imprecise, with wide-ranging variability between the primary studies.

Figure 3 allows a quick visual comparison, for every study, of the number of attacks experienced by
each patient during courses of treatment with placebo or with active drug. A reduction in the
frequency of attacks was achieved during active treatment in all but four patients: one on

tranexamic acid and three on C1-INH.

12



DISCUSSION

This systematic review identified four classes of drugs used for HAE prophylaxis: androgen
derivatives, antifibrinolytics, heparin and C1-INH. The drugs were tested in at least one controlled

trial and, with the exception of heparin, all of them were shown to be better than placebo in
reducing the frequency of attacks. The small number of patients in each trial explains the low

precision of the estimates of RR (see Fig. 2), which, in turn, were at least partly responsible for the
observed variability of the RRs between studies. As seen in Fig. 2, the RR point estimates are quite
different, but almost all of the 95% ClIs overlap, indicating high inter- and intra-study variability.
The observed heterogeneity could be due to several factors, the most important of which may have
been the fact that five different primary endpoints were considered across the seven primary studies.
Moreover, the year of publication ranged from 1972 to 2010. During this interval, there have been
many changes in the diagnosis and management of HAE. The inclusion criteria also varied from
study to study, but even when they were similar, as for average attack frequency, the respective
placebo groups still behaved differently. The mean number of attacks for the placebo group was
higher in the C1-INH study (23), than in the other (four vs. two attacks per month respectively).
This suggests that disease severity differed in the patients recruited for the examined studies.
Finally, the large variability in follow-up duration (from 1 month to 16 months) is another relevant
important difference that no doubt contributed to the observed heterogeneity.

All trials considered for this analysis were published in core medical journals, reflecting the high
clinical interest in HAE. Nevertheless, it should be noted that the studies on androgens and
antifibrinolytics were conducted in the 1970s. While no serious side effects were reported in the
included trials, randomised clinical trials are not the best study design to investigate side effects,
particularly for long-term treatments. Indeed, extensive clinical experience has since accumulated
with attenuated androgens and antifibrinolytics, and side effects are well known from observational

studies (3). C1-INH, used for 30 years in the treatment of attacks, was only recently recognised as
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indicated for prophylaxis. A close look at the early trials from the vantage point of current clinical
experience reveals important side effects of androgens used at doses of 600 mg per day, as was the
case in those clinical trials. Over time, clinical practice has shown that much lower doses maintain
clinical efficacy and with fewer side effects, allowing treatment to be continued over the very long
term (24,25). Nevertheless, the level of efficacy at these lower doses has never been quantified in a
controlled study. In addition, while the efficacy of antifibrinolytics in long-term prophylaxis was
confirmed, clinical experience showed that there are no doses that can lead a large number of
patients to have significant benefit. Thus, today, only a small minority of HAE patients continue to
use these drugs. In fact, according to the most recently released consensus document on HAE
treatment, antifibrinolytics are not considered as a relevant agent (26). Although we do not have
large documented clinical experience with C1-INH, the available data suggest the importance of
individually titrating effective doses in order to establish the “minimal effective dose”; this is

current practice with danazol (27,28). The problem of effective dose has never been addressed in
clinical trials. This is a major limitation particularly for prophylactic treatments in which the
risk/benefit balance is crucial as the relevant drug is likely to be taken life-long. Increasing
awareness of HAE can be expected to focus on this issue, but its resolution will require long-
ranging clinical experience.

One of the aims of our systematic review was to compare therapies, which could only be done
indirectly. However, we were unable to single out a superior therapy due to the small number of
patients enrolled in the studies and the broad confidence intervals of the point estimates. Indeed, an
indirect comparison of the studies considering the same endpoint showed that while
methyltestosterone seems to be more effective than tranexamic acid, danazol does not differ from g-
aminocaproic acid (19-22). For a more specific comparison of the different trials, the response of
each patient in each trial, both in the placebo group and the active group, was analysed (Fig. 3). The
results showed that all 13 patients treated with androgens had a marked reduction in the number of

attacks, suggesting a uniform efficacy of this drug among patients. By contrast, a reduction was not
14



achieved by one of 17 patients in the antifibrinolytic group and three of 22 patients in the C1-INH
group. A first and obvious explanation of these differences is the extremely small number of
patients included in some of the studies, such that the variability of the HAE population could not
be adequately determined. Another possibility, already highlighted, is that in the absence of

convincing dose-finding studies, the respective drugs may have been over- or under-dosed.

Limitations

The major limitation of our systematic review was the very small number of patients enrolled in the
original studies and the heterogeneity between the studies considered. Moreover, there was no
consensus on the definition of the primary endpoint, as in some studies it was the number of courses
with and without attacks, and in others it was the number of attacks per month or the average flare

intensity.

Given the paucity of studies published in the literature, to obtain useful evidence we opted to
compare results from different studies, irrespective of the heterogeneity arising from differences in

the designs of the primary studies (i.e., definition of primary endpoint, drugs considered).

Another limitation is related to the statistical analysis. In each original study, we considered the
number of months (or courses) and the number of attacks in both the placebo and the active group
as if they were independent. Since all were cross-over trials, with this analyses the correlation

within patients is ignored.

In conclusion, our systematic review supports the use of certain drugs in the prophylaxis of attacks
in HAE patients, but but we were unable to determine whether one prophylactic therapy is better than
another. Clearly, there is a compelling need for more trials, with head to head comparisons, to
provide convincing evidence of the benefit and safety of a specific, potentially life-long

prophylactic regimen.
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Table 1. Characteristics of the included studies

Number of Minimum Mean attacks .
. . Mean age number Primary : Jadad
First author Drug Dose patients for month . Randomised
included (years) attacks lfor controls endpoint score
mont
n° of courses
with and
Frank, 1972 '8 Aminocaproic acid 16 g/day 5 35.6 1 - without attacks No 4
in drug and
lacebo
Sheffer, 1972 ' | Tranexamic acid 3 g/day 12 12-72 - 1.1 n° of attacks No 1
for month
n° of courses
with and
Gelfand, 1976 *° | Danazol 600 mg/day 9 34.9 1 - without attacks Yes 5
in drug and
lacebo
Sheffer, 1977 %' | Methyltestosterone 10 mg/day 4 - 1 1.6 ?ororflig?lf ks Yes 3
Weiler, 2002 ' | Heparin 400 U/Kg/day 15 32.6 1 - ﬁ‘lggﬁs flare Yes 5
25 plasma Daily score for
Waites, 1996 ' | V-H C1 inhibitor | unit/Kg/every 3 6 - 0.5 - Aty score 1 Yes 5
days disease activity
n° of attacks
Zuraw, 2010 | C1 inhibitor 1000 Ufevery 34} 5, 38.1 2 424  [ormalised for Yes 5
days the number of

days

V-H: Vapour-heated
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Table 2

Studies considering number of attacks per therapeutic course

Treatment Control
Drug N N attacks/N Ratio N attacks/N Ratio RR treatment/control
patients courses courses (95% ClI)
Aminocaproic acid™® 5 2/21 0.10 24/24 1.00 0.095 (0.025-0.356)
Danazol® 9 1/46 0.02 44/47 0.94  0.023(0.003-0.162)

Studies considering number of attacks per months

Treatment Control
Drug N N attacks/N . N attacks/N . RR treatment/control
patients months Ratio months Ratio (95% Cl)
Tranexamic acid™® 12 32/94 0.34 63/57 1.11 0.308 (0.195-0.479)
I\/Iethyltestosterone(21) 4 4/46 0.09 19/12 1.61 0.054 (0.013-0.163)
C1 inhibitor?? 22 131/63  2.07  267/63  4.24  0.491(0.395-0.607)

S Number of attacks (expressed as attacks/month) were derived from the attack rate (expressed as attacks/12 weeks) as reported in the study.
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